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CERTAIN PROPERTIES OF CALCIUM-OXIDE REFRACTORIES

Ye. S. Lukin and G. A. Serova

Calci,.im-oxide btcause of its low cost, high refractoriness

(the melting point for CaO is 2570 C) and its stability against

the action of many melted metals, is currently being used '->re and

more as a basic refractory material [i - 9]. Its sharply expressed

basic properties determine a chemical stability against the action

of alkaline metals and their vapors.

The literature contains data concerning the tendency of CaO to

cake [7, 3, 121, the effect of various additives [7, 8]; a number of

works deal with the questions of the tec!-.nology [7 - 12] and hydra-

tion of CaO products [8, 9 13 - 15]. However there is almost a com-

plete lack of imformation concerning the mechanical processes of

CaO refractories and their properties at high temperatures [161.

The present article deals with the obtainment of CaO refractories,

dense (sintered) and granular constructions for use at high temper-

atures in alkaline-metal vapor. Study was made of the properties of

refractories at high temperatures and of their stability under the

action of alkaline-metal vapors.

The starting material was CaCc3 (mark ChDA GOST 453-48) of
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chemical ccmposition (in %): ignition losses - 43.37; residue in-

souhe inHC1 - 0.02; A1203 - 0.04; Fe03 - trace amount; CaG - 55.20;

MgO - U.09; S33 - 0.78.

A study was kiide of the effect on the tendency for CaC to cake

of the following factors: i) calcination temperature of the original

material, 2) quantity of introducable impurity Ti02 ; 3) temperature

and duration of holding during final calcination of the refractories,

4) gas medium of calcination.

The starting material was first calcinated in a flame furnace

at 1380, 1500 and 17000C.

The calcined CaO powder was crushed in a vibrational mill with

steel balls for a period of 0.5 hrs with appropriate materials:

spheres = 1:8 (according to the data of chemical analysis the yield

of iron in this case amounted to 0.01 - 0.03%) and in a porcelain

mill with balls of MgO for a period of 10 hrs with the ratio of mat-

erials: spheres = 1:2. In this and other cases the materials were

pulverized to a predominant dimension of particles below I - 2 i.

The specific surface of the obtained balls of CaO amounted to: for

a powder calcinated at 13800C hammered in a vibration mill 3.75 m2 /g,

for powder sintered at 15000 C 4.66 m2/g.

The TiO. inpurit, was introduced in a thinnly dispersed form in

a quantity of 0.25, 0.5 and 2% during hammering of the CaO powder.

Samples for testing were prepared on a hydraulic press with

a specific pressure of 1000 kG/cm2 .

Calcination was carried under various conditions: in a Kryptol

furnace, in a TVV-4 vacuum furnace in a medium of helium and in a

flame furnace (in corundum capsules with covers in a charge of highly

calcinated magnesium oxide).
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Tzbles I and 2 list characteristics for CaO sintering. The

minimum obtained apparent porosity of samples of pure CaO to 9 -

Introduction into the material of an insignificant amoun' of

TiO2 (0.25 - 0.5%) makes it possible to obtain a practically sinterll

material (with zero apparent porosity) at 1650 - 17500 C.

Table i. Sinterlng Characteristic for CaO Samples.
Calcination in a Kryptol Y'urnace
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Table 2. Sintering Characterisic of CaO Samples.
Calcination in a Vacuum Furnace
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It should be noted that samples with TiO2 additives with zero

apparent porosity the minimum obtained true porosity amounts to

6 - 8%.

The presented data concerning calcination of CaO was ' bilized

when selecting a rational technology for preparing refractory parts.

The parts were prepared in the form of rings (bushings) of various

dimensions both of ½ense and granular construction (from grains of

a sintered CaO briquette). For this purpose chemically pure CaCu 3 was

preliminarily calcinated at 13550 - 14000C and then pulverized for

0.5 hrs in a vibrating mill to a predominant grain dimension of

I - 2 4. The parts were prepared by pressing on a hydraulic press

at a pressure of 1000 kG/cm2 : from thinly milled CaO - without

moistening and the introducing of plasticizing additives, from a

powdered mass - with the introduction of 3% paraffin (or wax) dissolved

in carbon tetrachloride.

For parts of granular construction fractions of grains of various

dimensions we±'e obtained from a briquette prepared by briquetting

(pressing) of previously calcinated finely ground CaO.

The briquette was roasted in a flame furnace at 17500C (in cap-

sules with cemented covers in a charge of MgO). After roasting the

briquette had an apparent porosity of' 2 - 4% and a volumetric weight

of 3 - 3.02 g/cm . The calcinated briquette underwent crushing, pul-

verizing and sifting into fractio:'s.

The TiO2 additive (0.5%) was introduced during pulver:'zing of

a fine fraction in a vibration mill.

When introducing 0.5% TiO2 into the material the limit tempera-

ture of calcination of the obovts was 1650*C, held for I hr; objects

of pure GaO were calcinated at 1750"C with a residence of 2 hrs at
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the terminal temperature.

Chai'acteristics for parts obtained from pure calclum-oxide ,jrc-

given in Tables 3 and 4.

Tne softening point under load and the coefficient of thermal

expansion were determined in a vacuum oven with tungsten heater mak-

ing it possible to obtain a temperature exceeding 20000C [i1].

Bending strength at elevated temperatures is determined in a

Silit furnace equipped with the appropriate loading equipment.

The value of maximum bending strength at room temperature for

samples with TiO2 additives was somewhat higher than for samples

of pure CaO. At a temperature of 10000C the strength decreases for

samples without additives by approximately 10- 2Y0 and with additives

by 30 - 40%. At 1200 - 13500C a further decrease in strength is ob-

served (approximately 3 times by comparison with strength at room

temperature).

With the introluction of TiO2 additives to the sample composi-

tions the temperature for the onset of deformation under loading is

reduced (thus, with a 2% content of TiO2 additive the temperature

of onset of softening drops to 100*).

Data on dilatometric testing at higii temperature of samples of

pure calcium-oxide without additives are given in Table 5.

Table 5. Dilatometric Characteristics of Pure Baked Calcium-Oxide

Temperature, 0C 1000 1100 1200 13nO 1400 1500 1600 1700
Percen't expa1.ion 1.4 1,43 1.58 1.74 1,9 2.08 2,20 2.26

a 12,4 13 13,2 13.5 1.,6 '3,9 13,8 13,3

Testing the stability of CaO refractories under the action of

lithium was carried out on a special installation [18]. Within the

apparatus, by means of an arc discharge between a liqu'id cathode and
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n solid molybdenum anode the formation of an ionized vapor of ;lkalin'

metal was formed. The alkalinQ metal lithium in whose vapor it was

necessary to test the samples, was used as the cathode. The appara-

tus was placed in a water-cooled vacuum chamber in which pressurr:

of 3"io-2 to 5"I0- mm Hg was maintained.

Parts intended for testing in the shape of bushings (rings with

an out•tde diameter of 50 - 70 mm, inside diameter 30 - 50 mm and

height 40 - 45 mm) were exposed for 15 - 20 min to the action of

ionized lithium vapor formed in the arc discharge. The temperaturf-r

on the outer surface of the bushings exceeded 20000C (the exact temp-

erature could not be measured) at a pressure p = 0.1 to i nun Hg. For

a rumber of samples testing was carried out for a longer period of

time. The measured temperature at the inner surface of the bushings

amounted in most cases to about 10000C. During sparked ignition the

test samples underwent a sharp temperature shock period under -nal

operation of the installation the inner surface of the bushing -ie

in contact only with the gaseous phase. But in a number of oases there

was a spattering of liquid metal which fell on the inner surface of

the bushing.

During testing continuous observation was made of the condition

of the refractories, the appearance of cracks and local overheating

on the samples being noted. After testing the bushings were subjected

to careful visual insnection as well as measurement and weighing.

In order to study the nature of the interaction of lithium with

refractory materials the samples were subjected to x-ray and petro-

graphic studies aDd chemical analysis before and after testing.

During x-ray and petrographic investigations it was established

that the material degenerate under the action of lithium to form any
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new compounds. X-ray pictures taken of samples before and after

testing (see Fig. i) are simtlar; characteristic lines of the b-a-.c
crvstalline nomponeni-s of, Ca are -ta-In on x-ray pictures of samp-

les which have undergone the action of lithium.

30 20 10

Fig. 1. X-ray pattern of a sample after
testing in lithium vapor.

After testing in lithium a white deposit of lithium carbonate

(the Li 2 C03 x-ray patterns) formed on the surface of bushings stored

in air due to the oxidation of metallic lithium which settled in small

quantities on the sample surfaces when shutting down the installation

and during carbonization. The samples also underwent partial hydra-

tion of CaO (Ca (OH) 2 on x-ray patterns) during storage.

The results of chemical analysis of samples subjected to the

action of lithium which are presented below indicate the absence of

an interaction of metallic lithium with refractory materials of cal-

cium-oxide (in %): ignition losses - 21.53; Si02 - 2.00; Al2 03 -1 .00;

Fe 2 03 - 0.40; CaO -- 72.00; MgO - 1.50; LU2 0 - 1.35; H2 0 - residue.

Thus, samples under the action of lithium vapor (in particular,

liquid lithium) exhibited satisfactory chemical stability. The outer

surface of bushings adjacent to an agressive medium remained pure,

flat, and without sweating after testing.

It should be noted that certain other materials on the basis of

pure oxides, e.g. A12 03 , ZrO2, under the action of lithium during
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tusting under similar conditions aye completely destroyed with th':ý

foa~ ~ "n* rimpountinr Re Pfq-riPvrq c f nurre T~nqvrs1 um-oxi_1d

H.•wever, parts made from calcium-oxide exhibited insufficient

temperature stability: under sharp temperature shocks during start-

up of the equipment and under temperature oscillations during experi-

ments the bushings disintegrated severely (Fig. 2). In order to

moderate the temperature shock up to start-up of the installation

preliminary gradual heating of the bushings was tried. Disintegratiuih

in this case was decreased. Bushings of calcium-oxide of granular

structure exhibited a greater thermal stability than dense parts pre-

pared from fine-grained masses.

t 00

850

750 "L

700

600

5001o 2. 11 6 8 /0o /2 A / t ,

Fig. 2. Variation in
temperature of the outer
surface of bushings dur-
ing testing in lithium
vapcr.

Conclusions

i. A te-chniique for preparing refractory parts of pure Ca0 has

been developed: dense with a volumetric mass of 2.85 -- 2.93 g/cm3

and temperature of deformation onset under loading 1950°C and of partsz

with a granulcar stnzeture w~l;bI a vlo],.metric weight of 2.48 -- 2.55

g/cm 3.

-9-

vTD-TT-65-1i396/1+2+4



2. The introduction of TiO2 additives (0.5 - 2%) indicates a

positive effect on sintering of CaO refractories although it reduces

the strength of the parus at high temperatures as well as the temper-

ature of deformation onset under loading.

3. A satisfactory chemical stability of CaO refractories was

established in tests under the action of lithium vapors (and liquid

lithium) at high temperatures (to 15000C).

4. Fine-grain parts of CaO exhibited unsatisfactory thermal

stability under sharp temperature oscillations during testing.

5. Parts from CaO are recommended for service at high tempera-

tures under conditions of alkaline-metal vapor action and the action

of liquid metals in the absence of sharp temperature shocks as well

as CO2 and H 20.

D. I. Mendeleyev Received 21 December 1963
Chemical-Technological Institute, Moscow
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